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Early events responsible of tumor 
growth in patients with a normal 
immune system are poorly understood. 
Here, we discuss, in the context of 
human melanoma, the Prehn hypoth- 
esis according to which a weak antitu- 
mor immune response may be required 
for tumor growth before weakly or non- 
immunogenic tumor cell subpopulations 
are selected by the immune system. 

Introduction 

According to the original theory of immu- 
nosurveillance of Burnet and Thomas, 
tumor cells develop and/or grow better 
in immunosuppressed/immunoprotected 
microenvironments (e.g., severely immu- 
nodeficient mice, immunoprivileged sites, 
chronic immunosuppressed organ recipi- 
ents), where they cannot be targeted by the 
missing or crippled immune system. 1 Thus, 
antitumor immune reactions are impor- 
tant for limiting tumor growth since the 
earliest steps of tumorigenesis. However, 
the necessity to explain why, even in nor- 
mal subjects, tumors may grow apparently 
unrestricted, has generated the hypoth- 
esis of the three "E"s, for "Elimination," 
"Equilibrium" and "Escape." This hypoth- 
esis incorporates the original immunosur- 
veillance theory and explains the frequent 
observation that tumors often become 
clinically evident years after their molec- 
ular origin, i.e., when the equilibrium 
between antitumor immune reactions and 
tumor growth is broken and tumor cells 
can grow unrestricted. 2 

Thus, at the end of this confrontation 
(immune response vs. tumor growth), 
the immune response allows for (when 



it doesn't favor) the outgrowth of a sub- 
population of tumor cells that (1) show a 
downregulation of tumor-associated anti- 
gens (TAAs)/HLA complexes, (2) consti- 
tutively lack TAA expression 3 and/or (3) 
release immunosuppressive factors such 
as transforming growth factor (3 (TGF(3), 
interleukin (IT) -10 and indoleamine2,3- 
dioxygenase (IDO). 4 

Similar, or even more effective, fac- 
tors helping early neoplastic cells to sur- 
vive, grow and invade, can be provided 
by the immune system itself, as suggested 
by Richmond Prehn four decades ago 5 
and discussed more recently by the same 
author, who proposed that an immune 
response might even be required for 
tumor growth. 6 This may occur even in 
the presence of pre-malignant tumor cells 
that, depending on the causative factor 
(e.g., chemical carcinogens, activation of 
oncogenes), express immunogenic TAAs, 
as these may stimulate only weak immune 
reactions that facilitate, instead of impair- 
ing, tumor growth. 3,7 ' 8 Although this 
process differs from the immunoediting, 
i.e., the selection and growth of subpopu- 
lations of immunoresistant tumor cells, 2 
the underlying mechanisms remain to be 
elucidated. 

Melanoma as a Paradigm 

In this perspective, we will use human 
melanoma as a paradigm to recapitulate 
the bio-molecular events that characterize 
tumor growth and progression in its micro- 
environment and to assess whether Prehn's 
hypothesis of immune system-mediated 
stimulation of early tumor growth is sup- 
ported or not by available data. 
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Figure I.The UVB-induced transformation of melanocytes causes the expression of mutated tumor-associated antigens (mTAA), hence triggering an 
inflammatory, immune and/or pro-angiogenic response that favors early tumor growth. 



One should take into consideration 
that different molecular subtypes of mela- 
noma exist,'" 1 which may show a different 
antigenic profile depending on several fac- 
tors, including the number and quality of 
genetic alterations along with the ability 
of TAAs to generate melanoma-specific T 
and/or B-cell epitopes. For example, BRAF 
mutations (which are frequent in mela- 
noma cells but found also in premalignant 
lesions like atypical nevi), 10 can lead to the 
synthesis of T-cell epitopes that are recog- 
nized as TAAs by the immune system." 

The first, weak immune reaction 
against a small number of early appearing 
melanoma cells can only be caused by the 
recognition of mutated TAAs by T and/ 
or B cells, but such a recognition results 
in the stimulation — rather than in the 
inhibition — of tumor cell growth, due to 
the immune/ inflammatory reactions that 
these TAAs evoke in the tumor microenvi- 
ronment. In addition to mutation-derived 
TAAs, melanoma is known to express nor- 
mal, melanocytic lineage-related antigens 
(e.g., gplOO, tyrosinase, MART-1) that are 
usually not recognized by the immune sys- 
tem in the early phases of tumor progres- 
sion owing to some form of tolerance. 12 
However, if early tumor cells start to pro- 
liferate driven by inflammatory, 13 immu- 
nological 14 and/or angiogenetic 15 signals 
released in the microenvironment, they will 
reach a threshold population size that is 
necessary to break tolerance and to trigger 
an adaptive, but usually ineffective, T-cell 
response against self antigens. 12 

Primary melanoma development. 
Most melanomas are caused by exposure to 
UVB, and this may have different effects 
that complement each other in allowing the 



neoplastic transformation of melanocytes 
and their early growth driven by an inflam- 
matory-like reaction that may involve 
several factors. 16 In fact, UVB can dam- 
age the melanocyte DNA, thus causing 
hundreds of mutations, including in genes 
controlling cell cycle progression and signal 
transduction pathways (e.g., TP53, NRAS, 
BRAF and PTEN), DNA repair and inva- 
siveness (i.e., genes that regulate adhesion, 
migration and angiogenesis). 17 However, 
UVB can also weaken both the innate and 
adaptive immune system by promoting 
the release of immunosuppressive IL-10 
by Langerhans cells 18,19 and/or by favoring 
the infiltration of interferon "y (IFN7)- 
producing macrophages endowed with 
immunosuppressive and pro-angiogenic 
activities. 20 These early changes occurring 
in the melanoma microenvironment result 
in a lowered recognition by the immune 
system of transformed melanocytes and in 
the stimulation of their growth. This may 
allow the melanoma precursor cells to grow 
horizontally, thus invading the epidermal 
layers despite the potential expression of 
TAAs generated by UV rays. 

Thus, our hypothesis is that the mela- 
noma precursor cells generated by UVB 
exposure express TAAs that can be rec- 
ognized by B cells 8 and/or T cells. 21 
IgG antibodies and their Fc"y receptors 
(expressed by macrophages, dendritic 
cells and mast cells) play a key role in 
recruiting B-regulatory cells to neoplastic 
lesions. 8,22,23 Infiltrating immune cells (in 
particular, Type 2 tumor-associated mac- 
rophages, TAMs) stimulate the develop- 
ment of new blood vessels, which in turn 
feed nutrients to cancer cells and hence 
stimulate tumor progression (Fig. 1). 



Moreover, melanoma precursor cells 
may be sensed as a small, recently-gener- 
ated population of normal or pseudo-nor- 
mal melanocytes, which need to expand 
to exert their physiological, anti-UV bar- 
rier function. Thus, it is possible that stro- 
mal cells (e.g., keratinocytes, endothelial 
cells and/or fibroblasts) might send a 
proliferative, cytokine-mediated signal 
to early melanocytes that mimic normal 
cells that are supposed to replicate. 

At some stage, a change in the genetic 
program of melanocytes occurs 24 involv- 
ing the disruption of adhesion molecules 25 
and the activation of the vascular endothe- 
lial growth factor (VEGF) system, 26 which 
allows for the switch from a proliferative to 
an invasive activity. Transformed melano- 
cytes thus initiate a vertical (nodal) jour- 
ney to invade the reticular dermis. This 
process, however, can alarm the immune 
system, owing to the overexpression of nor- 
mal, differentiation-associated antigens 
(e.g., MARTI, gplOO, tyrosinase), which 
can be recognized by T cells. A chronic 
inflammatory reaction ensues, resulting in 
the local recruitment of several immune 
cells including T cell, natural killer (NK) 
cells and TAMs. A nice example of the 
ability of melanoma cells to modify the 
local microenvironment has been recently 
reported by Schields et al., 27 who showed 
that melanoma can re-organize its stromal 
microenvironment into a structure similar 
to lymphoid tissues, which allows for the 
recruitment of immune suppressive cells 
(Tregs, MDSCs) that promote tumor pro- 
gression by expressing chemokines such as 
CCL21 and CXCL13. 

Since at this stage the immune response 
is based on the recognition of normal 
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differentiation antigens, the immune sys- 
tem will first recognize such antigens and 
then activate mechanisms that allow an 
abnormal autoimmune response to be rap- 
idly switched off, in order to protect the 
body from its own activity. Such a control 
is mediated by antigen-specific Tregs and 
may result in the stimulation, rather than 
in the inhibition, of melanoma growth. 
It is only when the tumor mass reaches a 
considerable size that self TAAs, released 
in high amounts by dying/apoptotic mela- 
noma cells, can break tolerance and gen- 
erate a T-cell response. Such a response, 
however, is of limited efficacy due to the 
lack of terminally differentiated CD8 + T 
cells. 12 In vaccination settings, providing 
self antigens (e.g., MARTI) together with 
external danger signals like CpG oligonu- 
cleotides can increase the strength of the 
antitumor T-cell response. 28 Interestingly, 
targeting FAP* fibroblasts may help to get 
rid of their immunosuppressive function, 
which is mainly mediated by the stromal 
cell-derived factor 1 (SDF1/CXCL12). 29 

A new form of maternal /embryonic 
relationship? The relationship between 
melanoma cells and the host immune sys- 
tem can also be viewed within the frame- 
work provided by the interaction of the 
maternal immune system and the growth 
of allogeneic or syngeneic embryos. The 
former, like the tumor, needs to survive 
and grow in a potentially hostile environ- 
ment and, therefore, must protect itself 
from the activity of the maternal immune 
system. This is likely to occur not only 
via the downregulation of foreign HLA 
molecules at the maternal-embryo inter- 
face (cytotrophoblasts), and by the release 
of soluble factors like HLA-G, 30 but also 
via the establishment of a weak cellu- 
lar immune response that may confer a 
growth advantage and eventually result in 
embryo growth. In fact, allogeneic murine 
embryos seem to elicit an inflammatory/ 
NK-mediated immune reaction at the 
site of implantation, which allows them 
to grow better than syngeneic embryos, 
which do not elicit inflammatory reac- 
tions. 31 Likewise, an early reaction of the 
immune system against tumor cells (e.g., 
the recruitment of macrophages and/or 
NK cells) 20 may help or even be necessary 
for tumor growth. 



Potential Role of Cancer Stem 
Cells 

Cancer stem cells (CSCs) are thought 
to constitute a minor population of self- 
renewing tumor cells that sustain tumor 
maintenance and growth. 32 We have 
recently found that glioblastoma 33 and 
colorectal CSCs (unpublished data) 
are quite resistant to cytotoxic immune 
responses, which they neutralize by that 
downregulation of MHC Class I mole- 
cules, the lack of expression of TAAs (e.g., 
gplOO, MAGE, MARTI), 34 the release 
of immunosuppressive factors like IDO 
(unpublished data) and/or the induction 
of Tregs. 35 

The presence of CSCs has been dem- 
onstrated even in melanoma. 36,37 However, 
at variance with other tumors, mela- 
noma CSCs appear to be quite frequent 38 
and express molecules that are not fully 
accepted as markers of sternness, with the 
possible exception of CD271, 34 ' 37 ' 39 ' 40 cast- 
ing doubts on the true essence of these cells. 

Such CSCs provide signals for the dif- 
ferentiation and growth of neoplastic cells 
and for their own self-renewal. These prolif- 
eration signals may be constituted either by 
factors released by CSC themselves (auto- 
crine loops) or by inflammatory/immune 
factors (e.g., IL-10 and IL-13) locally 
produced upon recognition of melanoma 
(CSC and non-CSC) cells by the immune 
system. As we proposed above, an early 
immune response may follow the recogni- 
tion of mutated TAAs expressed by early 
CSCs and non-CSCs. However, due to lack 
of target TAAs and/or MHC Class I mol- 
ecules on CSCs, 33,34,41 this population may 
be spared while non-CSC that do express 
MHC/TAA complexes may be eliminated 
by immune effector mechanisms. 33 

Immunization (Vaccination) 
Worsening the Clinical Outcome 
in Melanoma 

A support for Prehn's hypothesis of the 
immune system-mediated growth of early 
tumor cells may come from recent Phase 
II-III clinical trials testing immunotherapy 
in melanoma patients. In fact, in some of 
these studies, patients receiving antitu- 
mor vaccines quite unexpectedly showed a 



worse outcome as compared with patients 
in the control arm. 42 It should be noted that 
these patients had a limited (or apparently 
no) tumor burden (disease-free, adjuvant 
setting), thus mimicking the early phases 
of tumor growth when a few, clinically 
silent cells are present. One explanation 
for this unexpected result lies in the use 
of high doses of granulocyte macrophage 
colony-stimulating factor (GM-CSF) as 
an adjuvant, since it was not considered 
that high-dose GM-CSF in some of these 
protocols 43,44 can be immunosuppres- 
sive. 45 However, a tendency for increased 
tumor growth in immunized patients was 
observed even in trials using no GM-CSF. 46 
In such an instance, the proliferative stimu- 
lus may have derived from the recruitment 
of B cells secreting tumor necrosis factor a 
(TNFa), as described above. 

Conclusions 

The findings discussed in this perspective 
may support and explain the hypothesis 
put forward by Richmond T. Prehn several 
years ago, and suggest a model in which 
T and B lymphocytes, the release of che- 
mokines in the tumor microenvironment, 
antibody reactions and activating Fc7Rs 
are involved in the chronic inflammatory 
program that promotes early melanoma 
cell growth by the combination of differ- 
ent mechanisms. An indirect support for 
such a conclusion comes from a recent 
epidemiology study showing that the 
reduction of inflammatory reactions by 
chronic (5 y) intake of acetylsalicilic acid 
and other non-steroid anti-inflammatory 
drugs (NSADs) is associated with a sig- 
nificant reduced risk of melanoma devel- 
opment. 47 These conclusions suggest that 
an early interaction between melanoma 
cells and other cells of the tumor microen- 
vironment should be interrupted to limit 
tumor growth before an effective immune 
response can be mounted. Therefore, in 
our opinion, the elimination, equilibrium, 
escape theory (E, E, E) should be inte- 
grated by a first step of stimulation, as S, 
E, E, E. 
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